N6-(1-carboxyethyl)lysine formation by Streptococcus lactis. Purification, synthesis, and stereochemical structure.
During growth in an arginine-deficient (chemically defined) medium, cells of Streptococcus lactis K1 formed significant amounts of a previously undetected ninhydrin-positive compound. This intracellular compound did not cochromatograph with any of a wide range of amino acids or amino acid analogs tested. However, by two-dimensional thin layer chromatography, the unknown compound migrated close to the recently discovered N5-(1-carboxyethyl)ornithine (Thompson, J., Curtis, M. A., and Miller, S. P. F. (1986) J. Bacteriol. 167, 522-529; Miller, S. P. F., and Thompson, J. (1987) J. Biol. Chem. 262, 16109-16115). The purified compound behaved as a neutral amino acid and eluted between valine and methionine in the amino acid analyzer. The results of 1H NMR spectroscopy suggested the presence of a lysine backbone and a coupled methyl-methine unit in the molecule, and 13C NMR showed that there were nine carbon atoms, of which two (C-1 and C-7) were carboxyl carbons. The simplest structure compatible with the physicochemical data was that of an alkylated derivative of lysine. The identity of this new amino acid, N6-(1-carboxyethyl)lysine, was confirmed by chemical synthesis. In vivo labeling experiments conducted using L[U-14C]lysine and [epsilon-15N]lysine showed that exogenous lysine served as the precursor of intracellular N6-(1-carboxyethyl)lysine and that the epsilon-amino N atom was conserved during biosynthesis of the lysine derivative. Of the two possible diastereomers (2S,8S or 2S,8R) of N6-(1-carboxyethyl)lysine, comparative 13C NMR spectroscopy established that the amino acid produced by S. lactis K1 was exclusively of the 2S,8S configuration.